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Abstract
The observational results of the latest 15 to 20 years have stablished a standard model for the cosmology which has
some amazing consequences. A mysterious entity, the dark energy, has been conﬁrmed as the dominant component
of the Universe, and is also responsible for its accelerated expansion. However, its physical nature remains unknown.
Unveiling the nature of the dark energy is one of the main problems of cosmology. A powerful way of studying this
problem is the measurement of diﬀerent and complementary probes of the dark energy in very large galaxy surveys.
The Dark Energy Survey (DES) is an optical and near infrared survey that is imaging 5000 deg2 of the southern
celestial hemisphere in ﬁve broad bandpass ﬁlters, to study the properties of this mysterious dark energy. In order to
perform such a survey, a new CCD camera of 3 deg2 ﬁeld of view has been mounted on the Blanco 4m telescope at
Cerro Tololo (Chile). The survey observations started in 2012, with the science veriﬁcation run. DES will study the
dark energy properties using four independent methods: galaxy clusters counts and distributions, weak gravitational
lensing tomography, baryon acoustic oscillations and supernovae Ia distances. Obtaining the four measurements from
the same data set will allow a strict control of the systematic uncertainties to obtain a robust and precise determination
of the cosmological parameters. Here, the ﬁrst scientiﬁc results of the project, based on science veriﬁcation data and
related to photometric redshifts and galaxy shape measurements, are presented.
Keywords: cosmology, dark energy, weak gravitational lensing, galaxy clusters, supernovae, baryon acoustic
oscillations
1. Introduction
The current set of cosmological observations solidly
establishes an amazing result. Only a small fraction
(around 5%) of the content of our Universe is ordinary
matter. The other 95% is composed of strange enti-
ties called dark matter and dark energy, whose physi-
cal nature is unknown. Moreover, the expansion of the
Universe is accelerating, as a consequence of the ex-
istence of the dark energy. At cosmological distances,
the receding velocities of galaxies are increasing. This
observed fact has important implications. Either Gen-
eral Relativity is not a complete theory, and fails to de-
scribe gravity at cosmological scales, or some mysteri-
ous ﬂuid with negative pressure, the dark energy, ﬁlls
the whole Universe. There are even more exotic possi-
bilities as the dark energy arising from the density inho-
mogeneities backreaction, but, in any case, new physics
is needed. Therefore, the cosmic acceleration puzzle
motivates an important component of current research
which will grow in the near future.
The current standard model of cosmology, ΛCDM,
describes the cosmic acceleration using a non-zero cos-
mological constant. This model ﬁts all the present cos-
mological observations [1], some of them to a high de-
gree of precision. Moreover, the progress over the last
15 years on the measurement of the properties of the
dark energy has been huge. However, there is still a
large room for improvement in the observations and it
is generally expected that these developments will pro-
duce the next advance in the knowledge about dark en-
ergy. Therefore, a rich program of diﬀerent cosmolog-
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ical surveys has already started and is planned for the
future. One of the most important projects, which has
very recently started its activity is the Dark Energy Sur-
vey (DES) [2], [3].
2. The Dark Energy Survey
DES1 is a project aimed to unveil the nature of the
dark energy. It comprises two interleaved surveys. First,
an optical to near-infrared survey that is imaging 5000
square degrees of the southern celestial hemisphere
(Figure 1) using ﬁve wide bandpass ﬁlters, grizY , up to
magnitude iAB < 24, or redshift z ∼ 1.5. Second, a time
domain griz survey over 30 square degrees to discover
and measure supernovae Ia light curves. The project is
being carried out over 525 nights in the course of ﬁve
years using the 520-Megapixel imager DECam [4], [5],
mounted at the prime focus of the Blanco 4m telescope
at NOAO’s Cerro Tololo Inter-American Observatory
(Figure 2). The collaboration consists of approximately
300 scientists from USA, UK, Spain, Brazil, Switzer-
land and Germany.
Figure 1: Footprint of the DES survey. Final (violet), Science Veriﬁ-
cation data (red), supernovae ﬁelds (blue), Year 1 (black).
The major components of DECam are a 520
Megapixel optical CCD focal plane, which is housed
in a dewar that provides vacuum and cryogenics, a low
noise CCD readout electronic system placed in crates
around the main dewar that are actively cooled, a shut-
ter, a ﬁlter system to house and exchange the DES ﬁl-
ters, and a wide-ﬁeld optical corrector (which gives a
ﬁeld of view of 2.2 degrees of diameter). The CCD ves-
sel and corrector are supported by a hexapod that pro-
vides adjustability in all degrees of freedom. DECam
mounted on the prime focus of the Blanco telescope is
shown in Figure 2.
1http://www.darkenergysurvey.org
Figure 2: View of the Cerro Tololo observatory (top). The Blanco 4m
telescope (bottom) is located inside the largest building. DECam is
installed at the prime focus, and some components are visible in the
image.
To have a good detection eﬃciency for high red-
shift objects, CCDs that are extremely sensitive at the
red part of the spectrum are used. They are fully de-
pleted, 250 μm thick, and have been developed at the
Lawrence Berkeley National Laboratory to be used in
DES. The quantum eﬃciency of these devices in the z
band is larger than 50%, almost an order of magnitude
higher than traditional thinned devices. The DECam fo-
cal plane containins 62 CCDs of 2048x4096 pixels for
scientiﬁc imaging, and 12 CCDs of 2048x2048 pixels
for guiding, alignment and focus.
DECam was commissioned in September and Octo-
ber of 2012, followed by an extended testing and survey
commissioning period known as DES Science Veriﬁca-
tion (SV) from November 2012 to February 2013 [6].
With this new instrument, DES will go beyond the reach
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of any previous survey by virtue of telescope aperture,
median seeing and CCD sensitivity, particularly towards
the infrared part of the spectrum.
3. Scientiﬁc Objectives and Forecasts
The main goal of DES is, as has been stated before,
to study the nature of the dark energy. More precisely,
the measurement of the parameter ω of the dark en-
ergy equation of state and its variation with the redshift
to a precision ﬁve times better than the current mea-
surements, by means of four separate and independent
techniques. Obtaining all the measurements with the
same system makes possible to cross-compare results
and control the systematic errors.
The four methods DES will use to study the dark en-
ergy are:
• Galaxy cluster counting and spatial distribution at
0.1 < z < 1.
• Weak lensing measurements on several redshift
shells up to z ∼ 1.
• Baryon acoustic oscillations and general study of
the power spectrum of galaxies up to z < 1.4.
• Several thousand supernovae Ia at 0.3 < z < 0.8.
3.1. Galaxy Clusters
Clusters of galaxies are considered a very promising
cosmological tool, because the formation of its gravi-
tational potential wells is only due to the dynamics of
dark matter to a good approximation. The redshift dis-
tribution, the spatial distribution, and the evolution of
the mass function of clusters of galaxies are sensitive to
ω. DECam will be able to identify clusters and measure
their redshifts out to z ∼ 1. This range includes all the
time where the dark energy is important to describe the
expansion history of the universe and even goes beyond
that limit. Moreover, the overlap of the DES area with
the SPT area allows the use of the Sunyaev-Zeldovich
eﬀect to detect clusters out to large distances, increas-
ing the sensitivity to the dark energy parameters.
3.2. Weak Gravitational lensing
DES will study weak lensing both using the shear-
shear correlations and the galaxy-shear correlations,
that are sensitive to ω through geometry and through
the growth of cosmic structure. Weak lensing is a very
powerful method to study the dark energy, however, it is
also a very diﬃcult one. A extremely careful control of
the focus and alignment, and detailed simulations of the
whole system are necessary in order to have an accurate
measurement of the shape of galaxies. One of the goals
of the science veriﬁcation period is to ensure that DE-
Cam is able to reach the sensitivity to use weak lensing
as a cosmology tool.
3.3. Galaxy Angular Clustering
Baryon acoustic oscillations are expected to have
very small systematics in the determination of dark en-
ergy parameters, since they are not aﬀected by astro-
physical considerations on the measured objects. The
characteristic length scale of these oscillations can be
used as a standard ruler to probe the ω parameter
through a geometrical test. The angular power spectrum
or the angular correlation function of galaxies are used
as the observables for this test. DES will observe around
300 million galaxies to carry out this measurement.
3.4. Supernovae
Supernovae of the type Ia are standarizable candles.
They are sensitive to the dark energy properties through
the luminosity distance. DES will identify and measure
several thousands of supernovae Ia up to z ∼ 0.8. The
observations must be repeated over time, to obtain the
luminosity curves of the supernovae. The selection of
the required type of supernovae will be performed using
color information.
These are the main scientiﬁc goals. However, DES will
be able to make other dark energy studies. For ex-
ample, the cross-correlation of the cosmic microwave
background measurements with the galaxies identiﬁed
by DES, which will also probe the dark energy using the
integrated Sachs-Wolfe eﬀect, and many others. These
additional studies will give more constraints and better
precision to the ﬁnal measurement.
3.5. Forecasts
The Dark Energy Task Force (DETF) deﬁned a ﬁg-
ure of merit to evaluate the sensitivity of a given mea-
surement to dark energy [7]. The expected DES sen-
sitivity for each measurement technique and for their
combination is shown in Figure 3. To obtain this re-
sult, the equation of state of the dark energy is written
as p/ρ = w0 + wa(1 − a). An improvement of a factor 4
or 5 with respect to the current results is expected [8].
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Figure 3: Expected DES sensitivity to dark energy parameters for an
equation of state p/ρ = w0 + wa(1 − a), in each of the measurement
techniques: BAO (black), galaxy clusters (magenta), weak lensing
(blue) and supernovae Ia (green). The combination of the four meth-
ods is also shown (red).
4. First Scientiﬁc Results
As has been commented before, DECam was in-
stalled and commissioned in the second semester of
2012, and a Science Veriﬁcation (SV) period of observa-
tions followed, lasting from November 2012 to Febru-
ary 2013. The survey started in late August 2013.
The purpose of SV was to establish that the camera,
telescope, operations and data-handling systems were
producing imaging data of suﬃcient quality to execute
the Dark Energy Survey. This goal has been achieved,
and in addition, the SV observations provided science-
quality data for almost 200 sq. deg. at close to the nom-
inal depth of the survey. The ﬁrst scientiﬁc results of the
DES project have been obtained using these data. The
goal has been to verify that some of the critical mea-
surements for DES can be performed with the expected
precision, namely, the photometric redshift [9] and the
galaxy shape [10]. These results are brieﬂy presented in
the next sections.
4.1. Photometric redshift performance
DES uses photometric redshifts (photo-zs), i.e., red-
shifts determined from photometric imaging data, in
primarily the 5 DES ﬁlters grizY. Galaxy redshift es-
timates rely on precise determinations of galaxy col-
ors, which are obtained via measurements of the relative
ﬂuxes of galaxies in the diﬀerent wavelength bands. In
order to achieve its scientiﬁc goals, DESwill need to ob-
tain accurate photo-zs. A detailed understanding of the
photo-z error distributions, as functions of galaxy mag-
nitude, redshift, and type, will be important for obtain-
ing accurate cosmological parameter constraints. The
goal of this analysis is to show that the required preci-
sion on the determination of redshifts can be reached.
There are two basic approaches to measure galaxy
photo-z’s. The ﬁrst relies on ﬁtting model galaxy spec-
tral energy distributions (SEDs) to the imaging data,
where the models span a range of expected galaxy red-
shifts and spectral types. The second approach depends
on using an existing spectroscopic redshift sample as a
training set to derive an empirical photo-z ﬁtting rela-
tion. There are advantages and disadvantages to each
approach, as well as a good number of variants and hy-
brids of these basic techniques. A full comparison of
several photo-z codes that use all these approaches has
been performed, and compared with the scientiﬁc re-
quirements needed to reach the DES scientiﬁc goals.
The SV footprint was chosen to contain areas already
covered by several deep spectroscopic galaxy surveys,
which together provide a suitable calibration sample for
the DES photometric redshifts. These data allow a study
of the photo-z precision that can be achieved by DES
during the SV period. Since spectroscopic galaxy sam-
ples are generally shallower than photometric samples,
a weighting technique is used to account for incom-
pleteness of spectroscopic redshift samples, in order to
properly estimate the photo-z performance in the much
deeper DES galaxy sample.
Figure 4 shows the photo-z vs. spectroscopic red-
shift for all the tested algorithms on the calibration sam-
ple. Most of the codes fullﬁll the DES requirementes in
bias, width and outliers fraction. The photo-z error is
σ68 < 0.12, where σ68 is the 68-percentile width photo-
z distribution about the median.
Figure 5 shows how the full redshift distribution is
reconstructed from the four most precise photo-z codes.
The grey shaded histogram is the spectroscopic redshift
distribution, while the red solid line histogram is the re-
constructed one. Each panel corresponds to a diﬀerent
photo-z algorithm.
The photo-z analyses carried out in this work using
this early stage DES data will serve as a benchmark for
future data releases, and as the survey area grows during
the observation period, more spectroscopic data will be
available allowing a better calibration and a better sam-
pling for training algorithms. Therefore, these promis-
ing early results will do nothing but improve in the near
future, which will allow to put tighter constrains on sev-
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Figure 4: Photo-z. vs. spectroscopic z for all the tested algorithms.
eral cosmological parameters.
4.2. Testing Weak Lensing
The gravitational bending of light by massive struc-
tures in the Universe distorts the images of distant
galaxies, an eﬀect called weak lensing. Weak lensing
measurements are sensitive to the evolution of the mass
power spectrum (including the dark matter) and to the
distance-redshift relation, which enables them to probe
the nature of the dark energy. Near a massive galaxy
cluster, the tangential stretching of background galaxy
images is strong enough to reconstruct its mass distri-
bution. A dedicated analysis of the DES science ver-
iﬁcation data had the goal of showing that it is possi-
ble to measure the shape distortions of galaxies by re-
constructing the mass of four previously known galaxy
clusters using the weak lensing. This is useful not only
for weak lensing but also for cluster cosmology, since a
critical feature of DES is its ability to directly calibrate
the mean mass-observable relation for galaxy clusters
and its evolution using weak lensing. This direct mass
calibration is essential for achieving precise and robust
cluster dark energy constraints.
Four previously known clusters (RXC J2248.7-4431,
1E 0657-56, SCSO J233227-535827, and Abell 3261)
were observed during the SV phase of DES with the
purpose of validating DECam for the task of measuring
weak-lensing shapes (Figure 6).
Figure 5: Full weighted spectroscopic redshift distribution (shaded
grey historgram) and its photo-z reconstruction using the four most
precise codes (red solid line). Each panel corresponds to a diﬀerent
algorithm.
Even with these early data observed during the Sci-
ence Veriﬁcation phase, we ﬁnd the instrument and
calibrations to perform according to anticipated speci-
ﬁcations and yield astrometry, photometry, and shape
measurements adequate for the analysis presented here,
with no show-stoppers that preclude forthcoming sci-
ence analyses. Most important in this work was to es-
tablish how to obtain reliable shape catalogs from DE-
Cam data.
We ﬁnd weak-lensing masses for each of the galaxy
clusters that are in good agreement with previous stud-
ies. For the cluster Abell 3261, the ﬁrst redshift, rich-
ness, and weak-lensing mass estimates have been ob-
tained. The reconstructed masses of the four galaxy
clusters are perfectly compatible with the previously
known values, showing that DES is able to accurately
measure galaxy shapes, even in a early stage of data as
SV.
5. Conclusions
DES is a large galaxy survey that will measure the
dark energy properties using four independent and com-
plementary methods: Galaxy clusters, baryon acoustic
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Figure 6: 1st column: Multi-color image of the inner 5 arcmin around
the cluster center. 2nd column: Weak-lensing mass signiﬁcance map
of the inner 30 arcmin, overlaid with galaxies (black dots). 3rd col-
umn: The same galaxies as in the 2nd column, but for the entire ﬁeld
of view of 90 arcmin. The size of the previous (smaller) panel is indi-
cated by black boxes in columns 2 and 3. From top to bottom: RXC
J2248.7-4431, 1E 0657-56, SCSO J233227-535827, and Abell 3261.
oscillations, weak gravitational lensing and supernovae
Ia. Having all these measurements with the same system
allows to set robust constraints and have a high control
of systematic errors. The goal of the project is to im-
prove current measurements by a factor of at least 4 or
5.
The scientiﬁc veriﬁcation data were recorded be-
tween November 2012 and February 2013. The results
presented here were based on these data. The ﬁrst sea-
son of the survey started in late august 2013 and these
data are being processed.
SV data are of high quality, are currently being an-
alyzed, and have allowed to obtain the ﬁrst scientiﬁc
results of DES. First, it has been veriﬁed that DES is
able to reach the expected precision in the measurement
of redshifts. Second, DES is able to measure galaxy
shapes to the required precision level. This has allowed
the determination of masses for 4 known galaxy clus-
ters, which are compatible with previous results. Many
other scientiﬁc results are in the pipeline and will be
published soon.
The data quality and quantity for DES as a whole
will be a major step beyond current surveys. The ﬁrst
Dark energy results are expected from two ﬁrst seasons
of data.
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